The purpose of this review is to discuss rare neurological disorders with respect to communication difficulties typical of children. Firstly, communication disorders with special focus on rare communication neurological disorders are discussed. Secondly, on the basis of literature review, the authors explore clinical studies on the most typical rare children's communication neurological disorders. Thirdly, on the basis of the findings from the clinical studies, they set a few recommendations for their medical therapies and management. The methodology was based on the literature review of research studies exploring the research issue. The findings show that the intervention strategies appear to have positive effects on the improvement of speech and language production among children suffering from LandauKleffner syndrome and childhood apraxia of speech. Nevertheless, randomized control trials are needed in order to accelerate and facilitate an early and relevant diagnosis and treatment management. In addition, a multidisciplinary approach seems to be the most appropriate for the accurate diagnosis and comprehensive treatment.
Introduction
As the European Commission on Public Health (2017) states, rare diseases (RD) are life-threatening or chronically debilitating diseases, which are of such low prevalence that special combined efforts are needed to address them. Thus, for instance, in Europe the disease is considered rare if one person out of 2000 people is affected, while in the USA it is one person out of 200 000 (Rare Diseases Act of 2002 , 2002 . Currently, 5400 rare diseases listed in the Orphanet database have an endorsed representation in the foundation layer of the International Classification of Diseases (ICD) 11 and rare neurological disorders with neurocognitive impairment as a major feature are one of them (Aime et al., 2015) . Neurological disorders form 50% of RD (Federico, 2013) . Similarly, as other RD, only a few of them have treatments, therefore sometimes RD are also called orphan diseases. Generally, only 5% of all RD have medical therapies (Kubackova et al., 2014) . 2002 products have orphan drug designation with 352 drugs being provided with Food and Drug Administration (FDA) approval (Maresova et al., 2016) . Thanks to a specific regulation of orphan drugs, their number is gradually increasing year by year. It is estimated that each year there should be between 8-12 new orphan drugs (Kubackova et al., 2014) .
Rare neurological diseases represent a heterogeneous group of disorders which predominantly affect the central and peripheral nervous systems and muscle. They often result in severe disability, possibly in death. Although they are relatively rare, their social and economic impact can be compared with other chronic neurological diseases such as stroke or Parkinson's disease (Dodel et al., 2004) . The basic clinical units include Wilson's disease, Huntington's disease, amyotrophic lateral sclerosis, rare dystonic syndromes, heredoataxia of children and adult age, leukodystrophy, neurocutaneous diseases, and other rare diseases (Kubackova et al., 2014) .
The purpose of this mini-review is to discuss rare neurological disorders with respect to communication difficulties typical of children. Firstly, communication disorders with special focus on rare communication neurological disorders are discussed. Secondly, on the basis of literature review, the authors explore clinical studies on the most typical rare children's communication neurological disorders. Thirdly, on the basis of the findings from the clinical studies, they set a few recommendations for their medical therapies and management.
Communication disorders -their definition and classification with special focus on rare communication neurological disorders ASHA (1982) defines a communication disorder as an impairment in the capability to receive, send, process, and understand concepts or verbal, nonverbal and graphic symbol systems. This may be manifested in the process of hearing, language, and/or speech. A communication impairment can be of different degree of severity, from mild to severe. Furthermore, it can be developmental or acquired. People may possess only one or several communication disorders. A communication disorder may result in a primary disability or it may be secondary to other disabilities. Altogether there are four main types of communication disorders: speech disorders, language disorders, hearing disorders, and central auditory processing disorders.
• Speech disorders are impairments of the articulation of speech sounds, fluency and/or voice. They may be caused by oral-motor difficulties, although some include language processing problems.
• Language disorders can be understood as an impaired language system, involving word finding, word retrieval or anomia, i.e. the processing of linguistic information. These disorders may affect the form, content, as well as function of communication. They usually result in an irrelevant use of words and their meaning; inability to convey ideas, an inappropriate use of grammatical word forms, and a lack of semantic and pragmatic language functions (Klimova et al., 2015; Krapp, 2002 ).
• Hearing disorders are the result of impaired auditory sensitivity of the physiological auditory system. These hearing impairments can reduce the development, understanding, production, and/or maintenance of speech and/or language. They are categorized according to the difficulties in detection, recognition, discrimination, understanding, and perception of auditory information. People with hearing disorders can be divided into deaf (another channel for communication is used) or hard of hearing (the auditory channel is still used for communication).
• Central auditory processing disorders (CAPD) are insufficiencies in the processing of information of audible signals, not attributed to impaired peripheral hearing sensitivity or intellectual impairment. This information processing includes perceptual, cognitive, and linguistic functions that, with appropriate interaction, cause effective receptive communication of auditorily presented stimuli. Specifically, CAPD refers to the reduced ability of ongoing transmission, analysis, organization, transformation, elaboration, storage, retrieval, and use of information contained in audible signals.
It is the left hemisphere of the brain which is particularly connected with the speech and language functions. There are two specific areas of the brain whose damage causes the speech and language impairments. Those are the Broca's area in the posterior frontal lobe and the Wernicke's area in the temporal lobe. Harm to Broca's area causes difficulties with fluency, while harm to Wernicke's area affects speech which is fluent, however, it lacks content (Longe, 2011) .
Apart from the common speech and language disorders such as dysarthria or aphasia (Klimova and Kuca, 2016a) , which can be also part of the symptoms of rare neurological diseases such as Huntington's disease, there are less common or even rare communication neurological disorders such as dysprosody, Jacobsen syndrome, or spasmodic dysphonia, which cannot be unfortunately cured. Dysprosody, or the socalled foreign accent syndrome (FAS), is a rare medical disorder in which people affected by the brain injury lose the ability to speak in their native accent and acquire a foreign accent, even if they have never travelled to that country. The key symptoms involve longer and distorted vowel sounds, different movement of tongue or jaw when speaking, using wrong words to describe something, inability to make a proper sentence, or behavioral changes corresponding to the nationality of the new accent (Marien and Verhoeven, 2007) . Jacobsen syndrome is a multiple congenital anomaly/mental retardation (MCA/MR) contiguous gene syndrome caused by partial deletion of the long arm of chromosome 11. To date, over 200 cases have been reported in the literature. The prevalence is estimated at 1/100 000 births, with a female/male ratio of 2 : 1. The most common clinical features include pre-and postnatal growth retardation, psychomotor retardation, and a characteristic facial dysmorphism (skull deformities, hypertelorism, ptosis, coloboma, downslanting palpebral fissures, epicanthal folds, a broad nasal bridge, short nose, V-shaped mouth, and small, low-set and posteriorly rotated ears). Abnormal platelet function, thrombocytopenia or pancytopenia are usually present at birth. Patients commonly have malformations of the heart, kidney, gastrointestinal tract, genitalia, central nervous system and skeleton. Ocular, auditory, immunological and hormonal anomalies may be also present (Orphanet, 2009) . Spasmodic dysphonia is a voice disorder characterized by involuntary movements or spasms of one or more muscles of the larynx (vocal folds or voice box) during speech. Although it can start at any time during life, SD seems to begin more often when people are middle-aged. The disorder affects women more often than men. Its incidence is very low, 1 per 100 000 cases. The onset is usually gradual with no obvious explanation. Symptoms usually occur in the absence of any structural abnormality of the larynx, such as nodules, polyps, carcinogens, or inflammation. People have described their symptoms as worsening over an approximate 18-month period and then remaining stable in severity from that point onward (Ludlow, 2011; Tisch et al., 2003) .
In order to limit the scope of this study on rare communication neurological disorders, the authors of this review explore clinical trials describing the most typical rare children's communication neurological disorders. These include acquired infantile aphasia and childhood apraxia of speech.
Results
The review on the most typical rare children's communication disorders include acquired infantile aphasia, the so-called Landau-Kleffner syndrome (LKS) and childhood apraxia of speech (CAS). Childhood apraxia of speech, also known as developmental verbal dyspraxia, is a rare speech disorder when a child has difficulties making accurate movements while speaking. The reason is that the brain has difficulty controlling or coordinating the movement of speech muscles (Velleman, 2003) . The main symptoms of CAS include difficulties in prosody when performing lexical or phrasal stress, vowel distortions, such as attempting to use the correct vowel, but saying it incorrectly, putting a pause between syllables, thus separating them, inconsistency in making errors when saying the same word or phrase again, or difficulties in imitating simple words (Campbell, 2003) . CAS might develop as a result of known neurological impairment, in association with complex neurobehavioral disorders of known and unknown origin, or as an idiopathic neurogenic speech sound disorder. Its incidence is 1-2 children in 1000, and it is more typical of boys than girls (Lewis et al., 2004) .
LKS is defined as a childhood-acquired epileptic aphasia whose incidence is between the ages of 3 and 10 (peak age 5-7 years). It is a quite dangerous and abrupt auditory processing disorder that starts as acquired verbal auditory agnosia in a child who was previously developmentally normal (Fandino et al., 2001) . In 90% of children a receptive aphasia appears first, then subsequently a rapid and severe reduction of spontaneous speech occurs. It affects slightly more boys than girls. While many affected individuals have clinical seizures, some only have electrographic seizures, including electrographic status epilepticus of sleep. This disease usually stabilizes before the adulthood (Kleffner and Landau, 2009) . Unfortunately, the pathology of LKS, as well as other paediatric epilepsies, is not yet known (Lotte, 2006) . Table 1 below then summarizes the intervention outcomes and their efficacy of both rare communication disorders. The study was included into this review if it was a clinical trial, written in English, directly connected to these two rare communication disorders and covered the period of 2000-2015.
Altogether seven clinical trials were identified. The studies are ranked alphabetically according to their first author and according to the corresponding paediatric communication neurological disorder. Four children aged between 3.6 and 4.8 years.
PROMPT treatment approach and tactilekinesthetic-proprioceptive (TKP) cues.
The findings show a considerable improvement in motor speech control and untreated word profiles when TKP is also included.
Maas et al. (2012)
To examine the role of feedback frequency in treatment for CAS.
Four children. Frequency of feedback. There might be benefits in reducing the frequency of feedback for some children with CAS.
Maas and Farinella (2012)
To compare the effects of random versus blocked practice schedules in treatment of CAS.
Four children. Random versus blocked practice schedules.
The findings show that the random practice schedules might not be effective for children with CAS.
Preston et al. (2013)
To evaluate the efficacy of a treatment program with ultrasound biofeedback for CAS.
Six children (aged between 9 and 15 years).
18 treatment session focused on producing sequences comprising lingual sounds.
This treatment program with ultrasound biofeedback is an effective option for improving speech sound accuracy in children with CAS.
Thomas et al. (2014)
To explore the efficacy of twice-weekly Rapid Syllable Transitions (ReST) treatment program for children with CAS.
Four children (aged between 4 and 8 years).
ReST treatments twice a week for six weeks.
The findings show that children acquired new skills and generalize them to untreated items. They even maintained these skills after the end of treatment for the follow-up four months.
Landau-Kleffner syndrome
Kossoff et al.
To explore the efficacy of leviteracetam monotherapy on language functions in children with benign rolandic epilepsy (BRE).
Six children aged between 6 and 12 years.
40 mg/kg/day leviteracetam.
Leviteracetam had a positive effect on the improvement of auditory verbal memory.
Sinclair and
Snyder (2005) To examine the efficacy of corticosteroids for the treatment of LKS and spikewave discharge.
10 children aged between 2 and 11 years.
1 mg/kg/day prednisone. The findings show the improvement in patients' language, cognition and behavior.
Discussion
Although the clinical trials are sparse since these communication neurological disorders are considered rare and their diagnostics is quite difficult, the findings of this mini-review show that the intervention strategies generally appear to have positive effects on the improvement of speech and language production. As far as CAS is concerned, majority of treatment approaches focus on the improvement of motor speech skills and linguistic skills (cf. Murray et al., 2014) . The results of this review illustrate three such approaches: PROMPT treatment together with cues (Dale and Hayden, 2013) , ultrasound biofeedback treatment when a patient can see an ultrasound image showing the correct tongue placement (Preston et al., 2013) , and ReST treatment focusing on the accuracy of speech sound production and rapid and fluent transitioning from one sound or syllable to the next one (Thomas et al., 2014) . Furthermore, there are motor-programming or rhythmic (prosodic) approaches (ASHA, 2017) . In addition, the findings on CAS also indicate that the frequency of feedback and practice schedules when enhancing children's speech should be considered. Research studies (e.g. Winter, 2008) also point out that children with CAS have literacy difficulties in the areas of writing and reading, which should be involved in the intervention treatment programs.
Apart from these traditional treatment approaches, alternative strategies have recently appeared to be beneficial (Klimova and Kuca, 2016b) . The study by Beathard and Krout (2008) , for example, proposes a music therapy for the treatment of children with CAS. The authors claim that the music therapy can enhance production of syllables, combination of sounds and words. Another study by Hession et al. (2014) proves that a horse riding therapy might be stimulating for children with CAS in terms of the improvement of their cognition, mood, and gait. Nevertheless, more randomized control trials are needed to show the efficacy of all these treatment approaches such as the ongoing trial by Murray et al. (2012) during which the researchers explore the efficacy of the ReST treatment program and the Nuffield Dyspraxia Program.
As far as the treatment of LKS is concerned, there are three common approaches, which include the administration of drugs such as clobazam or diazepam; oral steroids such as prednisone and the anti-epileptic drugs, the so-called anticonvulsants (Guevara-Campos and González-de Guevara, 2007; Mikati and Shamseddine, 2005) . In this mini-review the efficacy of prednisone (Sinclair and Snyder, 2005) and leviteracetam (Kossoff et al., 2007) , a novel drug with improved tolerance and safety (Li et al., 2014) , proved to have a positive effect on cognitive functions such as the auditory verbal memory. If these medications are not effective, sometimes intravenous immunoglobulin therapy is applied (Fandino et al., 2011) . However, in all cases speech therapy is essential, which should be intensive and focus on the residual language skills and teaching language in a developmental pattern; sign language as an alternative method of communication due to the auditory verbal agnosia might be implemented; visual input with pictures, color coding, and drawings on note cards on the desk for scheduling is recommended; or computer programs with colorful visuals and simple verbal information to assist in learning decoding skills might be used as well (Fandino et al., 2011) .
The main limitations of this mini-review consist in small samples of subjects, a lack of control groups, and biases in the included publications, which appear to be a serious threat to the validity of the research studies (cf. Melby-Lervag and Hulme, 2013; .
Conclusion
The findings have shown that these paediatric communication neurological disorders are rare and involve many factors such as deficits in sensorimotor, cognition, language, learning and effective processes, therefore a multidisciplinary approach seems to be the most appropriate for the right and accurate diagnosis and comprehensive treatment. Moreover, relevant and early treatment management may avoid speech and language deterioration.
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